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INTRODUCTION 

|] 

Because  of  the  increased  use  of  exposed  aggregate  concrete  panels, 
brick,  and  natural  stone  in  the  exterior  walls  of  buildings,  there  is  a 
need  for  clear  waterproof  sealers  which  will  preserve  and  protect  the 
building  and  its  contents  from  water  damage.  Because  there  are  no 
Federal  or  Military  specifications  for  clear  waterproof  sealers,  the 
Commanding  General,  Marine  Corps  Base,  Camp  Pendleton,  California, 
requested  that  the  Civil  Engineering  Laboratory  (CEL)  perform  necessary 
laboratory  and  field  experiments  "to  define  the  necessary  physical  and 
chemical  properties  of  a clear  waterproof  concrete  and  masonry  sealer 
suitable  for  use  at  exterior  exposures  ..." 

EXPERIMENTAL 
Coating  Application 

The  substrates  used  for  coating  application  were  4.1  x 19.6  x 40-cm 
(1-5/8  x 7-5/8  x 6- in.)  concrete  cap  blocks. 

A quantity  of  coating  material  in  excess  of  that  required  for 
application  to  the  specimens  was  transferred  from  its  original  container 
to  a clean  paper  drinking  cup.  The  cup,  coating  material,  and  paint  j 

brush  to  be  used  were  weighed  together  before  and  after  application  of 
the  coating  to  one  19.6  x 40-cm  (7-5/8  x 6- in.)  face  of  each  block  to 
determine  the  quantity  of  coating  applied.  Identification  letters 
and/or  numbers  were  marked  on  the  opposite  face.  Approximately  24  hours 
later,  a second  coat  of  the  same  coating  material  was  applied.  The 
exception  to  the  above  procedures  was  two  applications  of  a candidate 
coating  material  from  an  aerosol  container.  Details  of  the  applications 
of  10  coating  systems  are  listed  in  Table  1.  Manufacturers  of  proprie- 
tary coatings  are  listed  in  Appendix  A. 

Selection  of  Coating  Systems  for  Outdoor  Exposure 

Selection  of  those  coating  systems  which  would  be  placed  on  outdoor 
exposure  at  Port  Hueneme,  California,  and  Kwajalein,  Marshall  Islands, 
was  made  by  subjecting  the  coated  blocks  described  above  and  in  Table  1 
to  the  wind-driven  rain  test  described  in  section  4.4.7  of  Federal 
Specification  TT-P-0035,  except  that  three  individual  blocks  were  tested 
at  one  time  rather  than  four  blocks  mortared  together  as  described  in 
the  specification. 
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The  apparatus,  shown  In  Figure  1,  consists  of  an  acrylic  plastic 
box,  sources  of  water  and  air  under  regulated  pressure,  a clamping 
system,  and  a drain  channel.  Putty  was  used  to  seal  the  blocks  over  to 
the  openings  in  the  box;  clamps  held  the  blocks  in  place.  The  water 
flow  was  adjusted  so  that  it  struck  the  coated  surfaces  of  the  blocks 
evenly  at  a flow  rate  of  70  to  80  gph.  The  air  supply  was  adjusted  so 
that  5 inches  of  pressure  was  produced  inside  the  apparatus  as  registered 
on  a water  manometer. 

Details  on  the  coating  and  initial  screening  of  10  candidate  coating 
systems  are  shown  in  Table  1. 

Those  five  coating  systems  which  gained  less  than  90  grams  (0.2  lb) 
of  water  per  block  in  24  hours  were  selected  for  outdoor  exposure. 

Outdoor  Exposure  of  Coated  Blocks 

Blocks  were  coated  in  the  same  way  as  described  above.  Fifteen 
blocks,  three  replicates  coated  with  each  of  five  systems,  were  exposed 
at  Port  Hueneme  and  15  were  exposed  at  Kwajalein  (Table  2).  Six  additional 
blocks,  three  coated  with  Aqua  Pell  09  and  three  with  TT-P-55b  mixing 
liquid,  were  stored  at  CEL  for  6 months  to  promote  additional  coalescing 
of  the  coatings  before  exposure  at  Kwajalein. 

The  15  panels  exposed  in  the  southeast  section  ol  the  CEL  compound 
at  Port  Hueneme  were  inspected  after  12  and  24  months  and  removed  after 
25  months.  The  surface  appearances  of  these  panels  are  summarized  in 
Table  3. 

The  15  panels  exposed  at  Kwajalein  were  inspected  after  18  months, 
removed  after  24  months,  and  returned  to  CEL,  where  they  were  inspected. 

The  surface  appearances  of  these  panels  are  summarized  in  Table  3. 

The  six  panels  which  had  been  stored  at  CEL  for  6 months  before 
exposure  at  Kwajalein  were  inspected  after  12  months  of  exposure,  removed 
after  24  months,  and  returned  to  CEL,  where  they  were  inspected.  The 
surface  appearances  of  these  panels  arc-  summarized  in  Table  3. 

Wind-Driven  Rain  Tests  of  Exposed  Panels 

All  panels  that  had  been  exposed  at  Port  Hueneme  and  Kwajalein  were 
subjected  to  the  wind-driven  rain  test  for  24  hours.  The  results  are 
given  in  Table  4.  Absorption  of  more  than  90  grams  (0.2  lb)  of  water  by 
a block  constitutes  failure  of  this  test. 


FINDINGS 

Four  systems  — TT-P-19b  mixing  liquid,  TT-P-55b  Type  II  mixing 
liquid.  Aqua  Pell®  , and  Advanced  Aqua  Seal®  5C-4  passed  the  24- 
hour  wind-driven  rain  test  after  2 years  of  outdoor  exposure  at  Port 
Hueneme  (Table  4).  However,  only  blocks  coated  with  TT-P-19b  mixing 
liquid  had  a good  surface  appearance  after  2 years.  Four  systems 
TT-P- 1 9b  mixing  liquid,  l'T-P-55b  Type  II  mixing  liquid.  Advanced  Aqua 


\ 
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Seal^  5C-4,  and  Rhoplex^  SS-521  plus  butyl  cellosolve  and  water  — 
passed  the  wind-driven  rain  test  after  2 years  of  outdoor  exposure  at 
Kwajalein  (Table  4).  The  Rhoplex®  barely  passed,  however,  and,  thus, 
is  not  included  with  the  other  three  systems  which  performed  very  well 
in  the  wind-driven  rain  test.  When  appearance  is  also  considered,  only 
TT-P-19b  mixing  liquid  and  Advanced  Aqua  Seal  ® 5C-4  would  be  considered 
satisfactory.  /rx 

Allowing  two  systems,  TT-P-55b  Type  II  mixing  liquid  and  Aqua  Pell  , 
Co  remain  in  the  laboratory  for  6 months  to  further  coalesce  before 
exposure  did  not  markedly  improve  the  waterproofing  capability  of  TT-P- 
55b  Type  II  mixing  liquid,  but  did  improve  markedly  that  of  Aqua  Pell  ® . 
Cost  data  on  the  two  acceptable  coating  materials  are  listed  in  Table  5. 


RECOMMENDATIONS 

Based  on  the  exposure  of  concrete  cap  blocks  coated  with  clear 
masonry  sealers  at  Port  Hueneme,  California,  and  Kwajalein,  Marshall 
Islands,  for  2 years,  followed  by  an  inspection  for  surface  appearance 
and  by  the  wind-driven  rain  test,  it  is  recommended  that: 

1.  TT-P-19b  mixing  liquid  be  used  in  temperate  regions  with 
moderate  rainfall,  in  tropical  areas,  or  in  areas  of  heavy  rainfall. 

2.  Advanced  Aqua  Seal  ® 
areas  of  heavy  rainfall. 


5C-4  be  used  in  tropical  areas  or  in 
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Table  1 • Initial  Screening  of  Clear  Waterproof  Sealers  for  Masonry 


Coating 

System 

Specific  Gravity, 
g/cm  (lh/gal) 

Weight  of  Coating  (g) 

Coverage  Rate,  m^/l  (sq  ft/gal) 

Appea 

First  Coat 

Second  Coat 

First  Coat 

Second  Coat 

Wet  Block 

Aqual  Pell® 

1.08  (9.01) 

32.8 

13.1 

2.6  (105)* 

6.4  (263)* 

Whitened.  Mostly  gone 

N 

32.2 

12.5 

2.6  (105)* 

6.7  (274)*,c 

in  6 to  7 hr. 

G 

Might  he  quite  unsightly. 

Advanced  Aqua 

1.05  (8.76) 

31.7 

16.9 

2.6  (105) 

4.8  (197) 

Slightly  whitened. 

N 

Seal®  5C-4 

30.6 

17.1 

2.7  (109) 

4.8  (197) 

G 

Chem  Stop®  III) 

0.8  (6.61) 

25.5 

28.0 

2.4  (100) 

2.2  (91) 

Soaked  through. 

28.7 

29.5 

2.2  (89) 

2.1  (86) 

f ederal  Spec 

0.86  (7.15) 

28.5 

22.1 

2.4  (96  )J 

3.0(124) 

Soaked  through. 

SS-S-1416 

29.5 

19.7 

2.3  (93)*' 

3.4  ( 1 39)t’ 

Super  Kotc® 

0.9  (7.5) 

38.9 

17.1 

1.8  (74)'’ 

4.1  (167) 

Soaked  through 

M 

Clear 

33.7 

22.2 

2.1  (85)'’ 

3.2  (129) 

Federal  Spec  TT-P-191) 

0.9  (7.5) 

27.8 

13.9 

2.5  (103) 

5.1  (206) 

Uniform  whitening,  which 

N 

mixing  liquid 

27.3 

12.4 

2.6(105) 

5.7  (230) 

faded  in  3 to  4 hr. 

G 

Federal  Spec  TT-P-55b 

1.01  (8.4) 

26.2 

12.3 

3.0(123) 

6.4  (261) 

Uniform  slight  whitening. 

Nl 

Type  II  mixing  liquid 

29.5 

12.8 

2.7  (109) 

6.1  (250) 

G 

Rhoplex®  SS-52  1 (400), 

0.96  (8.0) 

32.3 

11.8 

2.3  (95)* 

6.3 (258) 

No  whitening. 

M 

butyl  cellosolve  (40), 

31.6 

10.6 

2.4  (97)* 

7.1  (289)c 

G 

water  (26)  (latter 

two  premixed) 

Rhoplex®  SS-521  (202), 

0.96  (8.0) 

48.4 

5.9 

1.5  (63) 

12.8  (521) 

No  whitening.  Soaked 

N 

butyl  cellosolve  acetate 

48.4 

5.9 

1.5  (63) 

12.8  (521) 

through. 

G 

(20),  water  (13) 

Hydropcll®  1200 

two  spray 

coats  from 

Soaked  through. 

aerosol  container 

N 

^Weight  to  nearest  28  g (0.06  lb). 

* Difficult  to  apply  at  this  rate  on  a vertical  wall. 
c Block  less  porous  than  other. 

‘‘Barely  covers  at  this  rate  because  of  difficulty  in  spreading. 

' Will  not  cover  at  the  manufacturer’s  recommendation  of  200  sq  ft/gal  on  first  coat 
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ll  Screening  of  Clear  Waterproof  Sealers  for  Masonry 


late,  ni-/l  (sq  ft/gal) 


Second  Coat 


6.4  (26i)h 

6.7  (274)*-‘ 

4.8  (197) 
4.8  (197) 

2.2  (91) 

2.1  (86) 


3.0(124) 

3.4  (139)1' 

4.1  (167) 

3 2 (129) 

5.1  (206) 
5.7  (230) 

6.4  (261) 

6.1  (250) 

6.3  (258) 
7.1  (289)f 


12.8  (521) 
12.8  (521) 


Appearance  After  Coating 

Wet  Block 

Dry  Block 

Texture 

Whitened.  Mostly  gone 
in  6 to  7 hr. 

Might  be  quite  unsightly. 

No  color  change. 
Glossy. 

Smooth,  completely 
filled. 

Slightly  whitened. 

No  color  change. 
Glossy. 

Smooth,  completely 
filled. 

Soaked  through. 

No  change. 

No  change. 

Soaked  through. 

Darkened  con- 
siderably. 

No  change. 

Soaked  through 

No  change. 

Uniform  whitening,  which 
faded  in  3 to  4 hr. 

No  color  change. 
Glossy. 

Smooth,  filled. 

Uniform  slight  whitening. 

No  change. 
Glossy. 

Smooth,  filled 

No  whitening. 

No  color  change. 
Glossy  as  no.  2. 

Smooth,  completely 
filled. 

No  whitening.  Soaked 
through. 

No  color  change 
Glossy  as  no.  2. 

Smooth,  completely 
filled. 

Water  Cain  From  Wind- 
Driven  Rain  Test8 


<90  g (0.2  lb)  in  24  hr. 
<90  g (0.2  lb)  in  24  hr. 


<90  g (0.2  lb)  in  24  hr. 

<90  g (0.2  lb)  in  24  hr. 

Leaked  badly.  Gained  28  g 
(0.06  lb)  in  1 5 min. 

Leaked  immediately.  Gained 
84  g (0.19  lb)  in  20  min. 

>90  g (0.2  lb)  in  5 min. 

>90  g (0.2  lb)  in  5 min. 

<90  g (0.2  lb)  in  20  hr. 

<90  g (0.2  lb)  in  23  hr. 

<90  g (0.2  lb)  in  24  hr. 


> 135  g (0.3  lb)  in  24  hr. 


Soaked  through. 


No  color  change. 
No  gloss. 


No  change. 


>90  g (0.2  lb)  in  5 min. 


Table  2.  Coated  Cap  Blocks  for  Outdoor  Exposure 


Weight  of  Coating  Coverage  Rate,  m^/1 

(g)  (sq  ft/gal) 
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Table  3 Surface  Appearance  of  Cap  Blocks  After  Exposure  Periods 


Table  4.  Weight  Gain  of  Coated  Cap  Blocks  After 
a 24-Hour  Wind-Driven  Rain  Test'1 


Weight  Gain  (g) 

for  Blocks  Exposed  at  — 

Coating  System 

Port 

Hueneme 

Kwajalein 

Kwajalein 

(after  6 mo  at  CEL) 

Federal  Spec  TT-P-19b 
mixing  Liquid 

1 , 
159,  32 
25 

1 

0 

64, 

5b 

Federal  Spec  TT-P-55b, 
Type  II  mixing  liquid 

49 

15 

7 

131, 

24 

26 

88b 

68 

44 

35 

Aqua  Pell ® 

9 

2 

84 

107 

1 

42 

0 

134 

1 

Advanced  Aqua  Seal ® 5C-4 

16 

25 

2 

7 

42 

5 

Rhoplex®  SS-521  + butyl 
eellosolve  + water 

166 

162 

125 

90 

75 

38 

‘Blocks  were  exposed  for  2 years  at  test  sites. 
^Test  repeated  on  these  blocks  with  this  result. 


T'ublc  5.  1976  Costs  of  Clear.  Waterproof  Masonry  Sealers 


Material 

Quantity 

(gal) 

Container 
Size  (gal) 

$/galu 

(IOB) 

Supplier 

Federal  Spec  1 1 P-l  9b 
mixing  liquid 

50 

5 

5.75 

Proline  Paints 
2646  Main 

San  Diego,  CA  92  1 1 3 

Advanced  Aqua  Seal®  5C-4 

50 

5 

7.50 

Advanced  Coatings 
and  Chemicals 
2213  N.  Tyler  Avc 
South  1,1  Monte,  CA  91733 

Appendix  A 

MANUFACTURERS  OF  PROPRIETARY  CLEAR,  WATERPROOF  MASONRY  SEALERS 


Product 


Manufacturer 


Aqua  Pell 


Advanced  Aqua 
Seal  ® 5C-4 


Chem 


Stop 


HD 


Hydr-o-pell 


© 


] 200 


RHoplex®  SS-521 
Super  Kote®  Clear 


Karlee  Co. 

412  Magnolia  Ave 
Glendale,  CA  91204 

Advanced  Coatings  and  Chemicals 

2213  N Tyler  Ave 

South  El  Monte,  CA  91733 

Chem  Stop  Corp. 

9920  Flora  Vista 
Bellflower,  CA  90706 

Chemprobe  Corp. 

2225  Belt  Line  Road/#323 
Carrollton,  TX  75006 

Rohn  and  Haas  Co. 

Independence  Mall  West 
Philadelphia,  PA  19105 

Ven-Chem  Co. , Inc . 

P.  0.  Box  3186 
Santa  Barbara,  CA 


93105 


1 


DISTRIBUTION  LIST 


! 


\l  Hi  \ I II  | 1)1.  VV  nghl  • Patterson  OH.  Al  Cl  ( VXR.  I V ndall  II.  Cl  SCI! . i ighl  I'.Mlci  son.  II  O 1 acticnl  Am  I ind  i K 
I . pisher).  I. angle)  A)  It  V A.  S AVISO  1)1  II.  Norton  Al  l!  C.A.  Stmlo  I I bran . Olfull  \l 
\K\IA  VMM  I Ci(i  I l>  I .mi  Monmouth  N.I.  BVIDSC  Kl  ill  McClellan  1 Hunlsolle  VI  . I)\l  \ ( AM  VI  1 1 I ( I) 
Binning i.  Washington  IK  I)  VI  N I I l Washington  IX'.  DAI  N VI < I I) VV ashmgton  IK  . IK.)  DAI  N I I B PiVli 
Knee),  lech.  He!.  I )i \ . . I .mi  llii.iehue.i.  .A/ 

VKVIV  C l IAS  I VI  I NOR  KSC II  Cl  N I ml  Belvotr  V A.  K Jachowski.  I on  Belton  V A 

VRVIV  C'ONSI  R I NCR  KSC'II  I VII I ihr.il>.  C hamp.iign  II 

VKVIV  (OKI’S  Cll  I NCR  Sc. Mile  Dim  I ihrai  v . Seattle  VV  V 

VKVIV  I NC,  DIV  II  N 1)1  D C S.  Hunlsolle  VI 

VKVIV  I NO  VV  A I I KVV  VV  S I XI’SI  A I ibr.tr> . V icksburg  VIS 

VKVIV  I NCR  D1SI  I i hr.ii  \ . Portland  OK 

VKVIV  VI \l  I Kl  VI  S .V  VII  CM  VNK  SKI  SI  VKC  III  I Nil  K Dr.  I enoc.  W .ncrl.m  n VI  A 
ANSI  si  OKI  IVKYOl  I HI  NAVY  Spec.  Assist  I nergv  it’.  Waterman).  Washington  IX 
III  Kl  VI  ()l  KIC1  AM  A I ION  Code  IMild  Sel.mder)  Denver  C'C ) 

C NCI OP*)X7|’4  I H.  I’eiriei.  Pentagon 

COMCHP  AC  ( )pei  .ilions  Off . Vlak.il.ip.i  III 

C OMP  I I VC  I PVV  I).  ( )kttlaw  .i  J.ip.in 

DI  I I NSI  DOC  l VII  N I A I ION  ( I R Alcvandria.  V V 

DI  NSKIK  C ode  2K4  i A Kulolo).  Annapolis  All) 

DI  NSKIK  C ode  42.  Helhesdn  VII) 

I Nl  KCV  KM)  ADVIIN.  INI  I I eeh  I ih.  iKeporc  Seelion).  Id.iho  I .ills  ID 

II  l( OVIH  A I DIKSV  S I K AC  I Nl  AN  I PVVO.  Vireini..  Beh  V A 
CiSVIed.Snp  Sen  il  VI  BP).  VV  .ishininon  IK 

KVV  VI  VI  I IN  VIISK  VN  B VI  DSC  -KKI.-C 

N VV  I AC  I NC .C  OVI  I V N I DIV.  I nr.  BK  Depmv  Dir.  N.iples  li.ih 

VI  VKI N I CORPS  B.VSI  Code  4 V2hO.  C ..mp  1 cicMiic  NC.  VI  .V  R Divisimi.  C.imp  I ejeune  NC.  Vl.iim.  OITiee.  ('.imp 
Pendlel.M)  C A.  PVVO.  Camp  S.  I).  Butler.  Kawasaki  Japan 
VI  VKI N I ( OKI’S  DOS  Code  I I 10.  Washington  DC 

VIC  VS  ( ode  PVV  I Kaneohe  B.iv  III.  ( ode  S4.  On. nine. i V V.  PVV  I).  Dm  VI. mmi  Control  Dn  ..  luakuni  Japan.  PVV  t ). 

PVV  ( I.  V tuna  VS 

VIC  B Base  VI. urn.  Oll'r.  (Juantieo  V A 
VIC  KDPVVo.  Sail  DiegoCa 
N VS  SCI  . Barbers  Point  H I 

N.VVC  OVI  VI  VKI  V VIS  I RSI  .A  Code  VV  M)2.  Honolulu.  Wahiawa  III.  PVVO.  Wahiawa  III 
N Wl  OVIVISI  V PVVO.  Adah  VK 

N VV  I AC  I NCiCC  )VI  ( ode  ’014  I VI i I aaml.  Pearl  Harboi  HI 
N VV  VI  VC.  SCI  . ( ..lam 
N VV  Kl  (.VII  IX  I N SCI  . (inum 
NAVSICCiKl  VC  I PVVO.  I oi  ri  Sta.  Okinawa 

N AVSHII’V  DC  ode  41)11,  Puget  Sound.  ( ’ode  41(1.  Vlare  Is..  ValleioC  V PVVO.  I’ugel  Sound.  SCI  . Pearl  Harbor  III 
N VV  SI  V PVV  Dll  Ross).  Vlidwav  Island.  PVVO.  SCI  Subic  Uav . K P 

N VI)  Code  (II  I B I . Haw  I hoi  nc  N V , Dm  PVV  I ng  l)i\  . I ilgi . Dir.  PVV  I)  Nal . Rest.  Vlgr  poresler.  VIc.Alesler  ( >K 
NAS  Asst  (SCI  . Code  ’(I.  Atlanta.  Marietta  ( i A.  Dll  Vl.unl  ( omrol  Dn  . Ke(  VV  esi  111  ’VV  ( ( ode  4(1  H Koll.ui  I. 
PVV  I)  Maine  Die.  New  Orleans.  Belle  ( hasse  I V PVV  I)  VV  illow  drove  P V.  PVV  ( I.  PVVO.  I’VV'O  Chase  I leld. 

I’VVI ).  Kellavik  Iceland.  PVV  ( ).  Kingsville  I \.  PVVO.  Millington  I N.  PVVO..  Viol  tell  I teld  ( V.  KOIC  ( Rt  )l(  ( ( HI 
1.1.  Sheppardi.  Point  Vlugu  ( A,  SCI  I .ml  I leel 
N VI  N VV  VII  IX  I N PVVO 

N VI  PAR  AC  III  1 1 1 1 SI  K AN  PVV  I ngr.  I I ( emro  C.A 
N VVCOASISV  SI  VI)  I ibi.il v 
N VV  ( ( ) VI  VIS  I V PVV  (I  Balboa  ( anal  / one 

NAVI  VC  I NC.C  OVI  ( ode  04  OB.  Code  04'  I.  (ode  D4BJ.  Code  (MBS.  (ode  1(11.  Code  Id’  V i VI  Cam. Code  1(14 
NVVIloSPI  I K I Isber  nil.  Puerto  Rico 
N AVOC  I AND  Code  I «>()() 

N AVOKDSI  V PVVO  I oinsv tile  KV 
N AV  I’ll  IB  VSI  ( ode  S ( I Norfolk  V A.  OK  . C(  I I 

NVVKItiVII  IX  I N ( ode  (04  l . Memphis.  Millington  IN  PVVO.  SC  I tl  ( I VK  B I Ihinstoni  SanDiegoC  V 
N VA  S(  ( )l  Cl  ( Ol  I ( As.  < 44  V (K  ( hiltendent.  I’m  c ( V 

N VV  SI  ( OKI  V(  I PVVO.  I’uerloKico 
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NAA  SHIPA  DC  ode440.  Norfolk.  Code 450.  Charleston  SC  PWD.  Morels 

\ \VSI  V C l).  C l ).  I ngr.  Dir..  Kola  Spain.  Maim.  Com.  Dis ..  Guantanamo  Has  ( aha.  PAA  D I ngi  Do . Puerto  Kico. 

PVV  ( I.  Puerto  Kuo.  R(  >1  CC.  Rota  Spain.  SCI  .San  Diego  I A 
N AA  SI  PP AC  I CO.  Seattle  V\  A.  Code 4.  12  Marine  Corps  Dim.  1 1 ensure  Is  . San  I ranctsco  CA.  Maim.  Do 
Dir  (ode  5 A I . Kodm  an  Canal  /one 
Si  M l’W( ) Signnella  Nieils 
V AS  Code  1X70(1.  Brunswick  Mi  . K Kline 

NAIIONAI  Bl  Kl  \l  I fl  S I ANDAKDS  If  UX  HK  (Dl . Cumphclil.  W ashington  DC 
SMI  Kl  SI  \K(  IICIIl  SC  II.  S.oalSuidies  Hoard.  Washington  DC 
N AA  AC  I I’WC).  I oiulon  I K 
N AVACTDI  I PWD.  Hols  I oek  l K 
NAVAIRSA  SCI INI  IIW  . Hall.  AA ashington  DC 

SAV  \l  I AC  II  1 1 A l>\V ■().  Cape  llaiieras.  HuMon  SC.  PWD.  Centers  ille  ICeli.  I ernd.de  CA.  PWO.Ciu.im.  I’W  o. 

I ewes  Dl 

S AA'BASI  Cride  III  (A.  Caslronovol.  Philadelphia  PA 
NAVCOMMl  S 1 1 Culler  I MaehiasMI  i PW  Gen.  I or.  i 
NAVI  NVIRHI  I'HC I S ()IC.  Cineinnati  OH 

SAVFACI-  NCiCOM  (III  S DIV.  Code  l»l.  Code  402  tR.  Morons  I.  Code  40 1 ill  I AcVoci.  Contracts.  K(  (ICC 
Annapolis  Ml) 

S AVF.ACI  NCiCDAI  I AS  I DIV.  Code  I0A.  Norfolk  VA  KDI.VI  I CMWP2.  Norfolk  A \ 

SAVIACISC.COM  SOKIH  DIV.  (Horetsks  I.  (ode  lo:X.  KDI.VI  1.0.  Philadelphia  PA.  Code  1 14  (A  Khoadsi. 

K(  )IC  C . Conlraeis.  Crane  I S 

SAVFACI  NCiCOM  - PAC  1)1  V . Code 402.  KDI.VI  . Pearl  Harhoi  Ml.  C ommanders 

NAVI  ACT  NCiCOM  SOI  I H DIV.  Code  0(1.  KDI.VI  1 O.  Charleston  SC.  Dir..  New  Orleans  I A.  KOlC  ( (I  ( l)K  K 
Moollerl.  Cssntraets.  Corpus  Christi  I X 

NAVI  AC  I NCiCOM  AA1  SI  DIV  102.  1 1 2.  4IIX.  San  Hruno  ( A.  AK(  )l(  ( . Contrasts.  I went)  nine  Palms  C A. 
ARCHCC.  Point  Muini  C A.  Codes (WPA.  (WP'2(I 

S AVI  AC  I SCiCOM  CON  I K AC  I S Heihesila.  Design  Dis  iK.  I owe  I Alexandria  VA.  I ne  Du  dir.  Southwest  Pa. . PI 
OR  C KOICC  . Balboa  Canal  /one.  KOICT  (I  ( DK  J.Ci  I eeehl.  Suhie  Has.  K IV.  KOIC  ( . Paeilie.  San  Bruno  C A. 
I KIDI  N ITC  DK  .1  K Jaeobsen).  Bremerton  W A PX Mil 
SAVTC  )K(  AKIB  Commander  i N4?i.  Puerto  Kieo 
NAVM  AKCOKI  SI  KANCI  S OKI  IllXlCdr  D.K.  I aw  soul.  Denser  CO 
SAVNl  PAA  Kl  All  SI  Dl  I OIC.  Pori  Hueneme CA 
SAVKADRK  I AC  PAA  o.  Kami  Sesa  Japan 
NAVRI  CiMI  DCI  N PAA  O Newport  Kl 
N AA  SC  Dl  Cl  COI  I C O.  Code  ( 44  A 
NAVSI  ASA  SCIIM  ( ode  SI  A IKK 
SAVSI  C OKI  AC  I I’AVO.  I d/ell  Scotland 

NAA  SHI  PA  D Code  202.4.  I ong  Beach  CA.  Code  202. ' 1 1 ihr.ns  I Puget  Sound.  Bremerton  AA  A.  I ibrars . Portsmouth 
Nil.  I'AAO 

NAAS  I A SCI  . ( iu. on 

NAV'Sl T’PACT  Plan  I ngi  Dis  . Naples  Hals 
N AA  AA  PNC  I N PWO  (Code  7II|.  Chula  I akeC  A 
S AA  AAPNSI  A Al.unl.  Control  Dir  . Aorktown  A A.  PAAO 
N AA  AVPNSC  PPCI  N PAAO 

N AS  CO.  ( ilia  ill  ana  mo  Has  Cuba.  C ode  114.  Alameda  (A.  OK  . (If  C 41 7.  Oak  llarboi  AA  A.  PAA  Dl  I NS  I s 

Agonos  I.  Chase  I leld.  Bees  die  I X.  PAA  DlAI.H  Iressilll.  Dallas  I X.  PAAOiAl  I lltolll.  I os  Alaniilos  ( A.  PAAO. 

( iiiantanamo  Has  Cuba 

NAV  AA  IONIC  I AC  PAA  I)  Depuls  Du  1)701.  Indianapolis.  IN 
NAVCOMMSI  A PAAO.  PAAO.  Norfolk  V A 

NAVCONSI  RAC  I NCUlCDKC.I  Neugem  I.  Pori  Hueneme.  (A 
NAVI ODI  ACCodeWIA.  Indian  Head  All) 

NAVI  AC  I NCiCOAl  Code  IMAt(l).  Pollen 

NAVFACF  NCiCOM  NOR  I II  DIV.  AKOIC  ( . Brooklyn  NA  . ( odeOOPil  C DK  A I Slew. nil.  Design  Dis  (K 
Masinok  Philadelphia  PA 
NAVI  AC  I NCiCOAl  AA  I SI  DIV  CodelMH 
NAVMIKI ) OIC.  Philadelphia  PA 

NAVOC  I ANSA  SCI  N Code  751  I tPAA  Oi.  SC  I (C  ode  CibIKII.  Sail  Diego  C A 
NAVSI  ( Code  fill )4  1 1 ibrars  I.  AA  ashuiglon  DC ' 

N AVSIIIPA  DC  I ) Marine  Barracks.  Norfolk.  Portsmouth  V A.  Code  420.  Maun  Control.  I ong  Reach.  CA.  Code 
Portsmouth  Nil.  PAA  I)  (Code  4(K)|.  Philadelphia  PA.  PAA  Dll  I A ll  Halit.  I ong  Beach  CA 


i 


N NA  S 1 A l 'till  lies  I ngr  ( >11  1 1 I J(i  VS.  Kite  hie  I.  Kola  Spam 
N AN  SI  ITAl  I NK(  IICC  1 1 I K.(|.  Hockerl.  Naples  llal>  . I d.  Brooklwi NA 
NAN  IRAI  (_>l  IPO  N lcchnic.il  I ibraiN.  Orlando  I I 
\ NN  NN  I’NCI  \ Kill!  ( it  ode  702).  China  I akeC  N 
VNVNVPNSIAI  NSli.A  I am  in . I allbrook  ( \ 

NCIfl  Cl  I H AIM  N NN  Petersem.  I’on  Hueiieme.  (A.  Cl  I Mill,  (ode  HI.  Code  4IWI.  Clullpon  MS.  I’W  I ngig. 

(Iiillpon  MS.  PWOtCodetfOi 
NCBl  -III  l )IC.  Norfolk  V \ 

NCK  20.  Commander 

NMCB  I VI 1 1 NS  | A\  . Nielsen  l.  x.  ( fpcralions  Depi  . 74.  Cl  I.  l orn . ( II.  1 1 IKI  I . ( Iperalions  ( III 

NKI  CodeX441tR  A Skop I.  NN  ashingion  DC 

NK(  II  VC  Inn  ( olotado  1 1 I I ) K If  nr  ns),  liiurldei  ( i 1 

NSC  ( ode  7(10.  Code  704  I M . M iller I.  I’earl  Harhor  III.  I NNA  line.  Norfolk  V \ 

N I ( ' Code  s4  1 1 NS  I’.  ( t . Jacks’ll.  ( Irl.indo  I I . ( tMllin.HKlei . ( IICC.  Clf  l -401 . (ireal  I .akes  II  .SCI 
NCSC  ( ode  I Nl 24 ( R S M rum  I.  New  I oiulon  Cl.  Code  I A I 41  Hi.  De  la  Cm/ 1.  New  I ondon  ( I 
(INK  I >1  N I airier.  I'asadena  ( A 

I’l  ASPICS  1 1 ( II  IN  Nl  CTK  PICAIINNY  ARSI  NAI  V An/alone.  Dover  NJ 
I’M  PC  I’.n.  Counsel.  I’oml  M ugu  CA 

PNV(  I NS  I I Smash.  Pearl  Harbor  HI.  ACI  Office  (I  I J(i  Si.  (iermaim.  ( ode  llfni  NS  A I ekharil.  (ode  120 
Oakland  C V Code  I 20C  I A.  Adams  I.  (ode  200.  (ireal  I akes  II  . Code  200.  ( lakland  CA.  Code  220.  Code  505  A ill 
Wheeler).  I NS  .1 . V Squalrilo.  San  braneiseo  Has  . ( lakland  CA.  I ibraiN  . Snhic  Has . R.P..  ( II C ( If  l -40s . San 
Diego  CA.  \() 

SPCC  PNVO H’ode  1 20  A 1 22H I Xleehanicsburg  P A 

SCHASI  Nl  W LONDON  I I J(i  I).  W.  Peek  (iroloiU  I 

CSCCi  i(i  I ( V Mil  H rirk  h a it  I Washington.  IK'.  MM  I -4.  \\  ashingion  DC 

l SCO  \(  \DI  M4  I I N.  Siraimrndi.  New  l.ondonCI 

l SN  \ I’WO 

WPNSl  A I NKI  f Code  l)>)2.  Colls  Neek  N.I 
\MI  Kl(  \N  CONCKI-  II  INSIIU  II  Detroit  Ml  ll  ilnaiA  I 

( (II  OK  ADO  SI  A 1 1 ININ..  I ()( ITHII  I ( AVIPl  S I ngrSci.  Branch.  I ih..  I on  ( ollinsl  <) 

CORN  I I I INI  VI  KSI  I N Ithaca  NY  I Serials  Depi.  I ngr  I ih  I 

DANII  SsV  NIOOKI  IIHKAKN  1 ( IS  AN(il  I IS.  (A 

I Nl  K(IN  RAD  ADMIN.  Dr  Cohen 

low  A SI  A 1 1 l N IN  I RSI  I Y Ames  INK  I Depi.  Hands  I 

I I HU  ill  l N IN  l RSI  IN  HI  I HI  I HIM.  I’AlNI  NRINI  (il  (II I ( HNK  Nl  I \B  . RICH  NKDSi.  Bethlehem  PA 
(l.indcnnan  Lib,  Nir.40.  I leekslemerl 

I IBKAK  Y ( II  C(  )N(iR  I SS  VV  NSHINd  ION.  D(  |S(  II  N(  I S A 1 1 ( H DIN  I 

Nl  NSS  Nl  1 1 1 SI  I 1 s INS  I ol  HlHNOIOdY  Cambridge  M N iRm  III  -5IKI.  lech.  Reports.  I ngi.  I ib.i.  Cambridge 

Nl  A I Km  14  121 0.  lech.  Report  I ib.  i 

NIICHKiNN  II  CHNOI  (XilCAl  l NIN  I KSI  IN  HOClill  KIN.  NllllINNSi 
NY(  IIA COMNIl  Nl  I Y (Ol  I I (it  BKOOKI  N N.  NA  il  IBKAKYl 

OKI  (ION  S I All  l NIN  I RSI  IN  CORN  Nl  1 IS.  OR  (Cl  Dl  PT.  HIOKSl.  ( 'oia  alls  ( IK  I School  ol  ( leeanogi  aphs  I 
PI- N NS  Yl.  VANIA  S I A 1 1 l N IN  I RSI  IN  S I A 1 1 (Ol  I I (.1  . PA  I SNA  Dl  Rl 

PCKIH  I INI  VI  KSI  I A I Nl  A A I I 1 1 . INK  I I Ilf) 

SI  All  ININ  (II  Nl  NN  A (IRK  Buffalo.  NA 

I I X NS  NANI  I NI  VI  RSI  I A (dl  I I (il  S I A I ION.  I X (I  I Dl  PI  I 

l NIVI  RSI  I A Ol  INI  II  OKNI  A HI  RKI  1 I A . (All  I III  I’l.dl  RAN  l(  Ki  DNN  IS.  ( NKI  Dl  PI . I NA  I OR  i 

l NIN  I RSI  I A (II  Dl  I ANN  NKI  Newark.  III  i Depi  of  Cis  il  I ngineermg.  Chessrnil 

l NIN  I RSI  I A (II  II  AW  All  II  ONI  II  l I l . III  K I Dl  PI . OR  A(  I I.  IK  INOI  l I l . Ill  I SI  II  N(  I AND  II  III 

DIV.I 

l NIN  I KSI  I A Ol  II  I IN  OIS  l R If  AN  N.  II  il  I HR  NR  A I 

l NIVI  RSI  I A (II  PI  NNSAI.V  ANIA  Pllll  ADI  I Pill  A.  PA(S(  IIOOI  ( II  I NOR  A NPI’I  II  DSCII  NCI  KOI  I I 

l NIN  I RSI  I A (II  CAI  IKIKNI A Herkeles  ( A(H.  Hreslen.  Herkeles  ( Nil  . Pearson  I 
l NIVI  RSI  I A ol  Nl  NSS  \C II  l SI  I I Silleronemusi.  Nmhersi  Nl  N ( I IXpi 

ININ  I KSI  I A Ol  NN  ASHINdlON  IX-pl  of  ( o il  I ngr  iDi  Nlalloekl.  Seattle  NN  \ 

NRN  IIKiK  NN  I Ol  A NII’I  N . NN  N 

NI  SI  K Nl  I A Depi  PAN  i N llieksi.  Nlelbomne 
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I >K  A A 1 1 1 I ) K I*  Uiilshuigh  I’  \ iCiiamunoi 

NORAS  AS  1)1  I NOKSkl  \ I Kll  ASil  ihi.tiN  ).  Oslo 

I A SI  l \||i)\  ASSOC  l\(  k INCi  Ol  I’Kl  SSI  A.  I*  A 1 1 I 1)1  I I I 

I OKI  si  l“K<  MHC  I S 1 ABOR  A I OKI  Madison  Will  ihr.iiA  i 

I K XNCI  |)r  Dulenre.  Boulogne.  I’.  Jenson,  Boulogne.  Roger  I aCrois.  Pans 

l,|  Nl  KM  DYNAMICS  I Ice.  Ho.it  I )1  \ . . I muon.  I ■ njii- « H W.illm.ini.  ( iroion  O I 

(Holt  ( (INK  M I MIINI  I KS  INC  Winchester.  M \ < I’.mklinti ) 

II Ai  I A A.  \l  DKICII  INC  Cambridge  XI A i Aldrich.  Jr.  I 

I I \l  A M l .mom.  Mil. ill.  Sergio  lattoni  Milano 

kl  NNI  III  I \ 1 1 )K  ASSOC  ( OR  AC  ll’OI  IS.  I*  \ 1 1 I UK  AKA  i 

MAKINI  CONCKI  II  NIKI  (It  Kl  SIM  Ml  I AIKII  . I A lIM.K  Ml  AM) 

Mil  SI  K.  Kl  II  I I Hi  I .Ml  N I WOK  I II  AND  JOHNS  I ( >N  Nl  W AOKkiKIC  II  \ KI)Si 
NIWPllKI  Nl  W S SIIII’HI  IMi  & DKA  DOC  kl  O Non  poll  News  V A i Ieoh  I lb  I 

NOKW  XA  1)1  I NOKSKI  VI  Kl  I ASiRorculOslo.  J.  Creed.  Ski.  Norwegian  l ech l im  I Brandt/aegl.  Irondheun 
I’OKII  \NI)(  I 'll  Nl  ASSCK  Skokie  1 1 iKseh  & Do)  I ah.  I ib  I 
I'K I SCON  ( OKU  IOW  SON.  MDlkl  I I IK) 

S(  III  PACK  ASSOC  SO  NOKW  \l  K.  Cl  iSCMTACkl 

SW  I 1)1  N V HHil  ibrais  i.  Sloekholm 

IIDI  W \ | I K CONS  I K CO  Norfolk  VA  I low  lei  I 

l Nl  1 1 DkINODOM  Cement  <N  Conerete  Assoc.  il  ihrarx  I.  Wesh.un  Springs.  Slough.  Cement  & Concrete  \ssoc.  IK 

Rowel.  W esli.nn  Springs.  Slough  B.  1)  New.  (i.  M.iunsell  K Partners.  I ondon.  I .is lot . Woodrow  ( onstr  lUI-JI’l. 

Soulh.ill.  Middlesex.  I im  . ol  Bristol  (K  Morgan I.  Bristol 
W I S I INC  ill!  II  si  I I I C I KIC  COKIU  ihr.ux.  Pittsburgh  U \ 

WINS.  JAN  N I A . I I S I N I K.  \ ASSOC  Northbrook.  II  1 .1  Hanson) 

WOODW  ARDCI  A Dl  CClNSl  I I ANISI’I  A Mol  III  Ml  I I INC , PA  iC  'ROSS.  1 1 1 1 
UK  A AN  I KOSI  Johnson  Dis  COP.  Cilendor.i  l A 
HI  I III!  kl  a Canada 
C iKI  C . I*  AC .1  I CCil  Nl  OK 
I AX  All  K Nl  I I AA  ashington  DC 
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